In the present study we carried out the isolation and identification of E. coli from the drinking water and stool samples collected from the Mirpur site and several other locations in Dhaka city. We also carried out the biochemical characterization of E. coli isolates and studied the prevalence of different types of E. coli (ETEC, EPEC, EAEC, EIEC, EHEC) by using multiplex PCR assays. We tested the susceptibility of the isolates using different commercially available antibiotics including ampicillin (AMP), tetracycline(TE), sulfamethoxazole-trimethoprim (SXT), ciprofloxacin (CIP) , nalidixic acid (NA), ceftriaxone (CRO), erythromycin (E), doxycycline (DOX), azithromycin (AZM), investigated the plasmid profiles of the MDR E .coli strains and also determined the presence of self-transmissible plasmids containing multiple antibiotic resistance factors among the strains by using conjugation methods. The water samples provided by the municipality in these areas forms one of the important shared resources for millions of people in Dhaka city. Results revealed that water from municipal water supply system and street vended foods are significant routes for transmission of E. coli as well as other entero-pathogens. The water contains the antibiotic resistant E. coli although only a few of these belonged to the recognized path types (EPEC, ETEC, EHEC, EAEC, EIEC). However, these strains contain self-transmissible antibiotic resistant plasmids, which can transmit to other organisms present in the environment and therefore human food chain.
Introduction
Escherichia coli is well adapted to humans and several animals species living in as beneficial symbionts or severe pathogens. The presence of E. coli in the environment, particularly in water resources and food systems, therefore requires the highest attention. While the presence of nonpathogenic E. coli in water and food is a clear sign of bad hygiene, the presence of pathogenic types of E. coli must be considered a direct threat to human and animal health [1] . In Bangladesh, many infants and young children develop diarrhea due to infection with E. coli [2] . Humans and most warm blooded animals carry E.coli as a part of the normal intestinal flora. This facultative anaerobic is a non-spore forming gram negative bacillus, fimbriated, flagellated and capsulated. A group of these organisms have developed the ability to cause both intestinal and extra intestinal disease. Strains associated with the presence of diarrhoea have been grouped according to shared pathogenic characteristics [3] . To date, the five major groups are (1) Enterotoxignic (ETEC) that cause infantile and traveler's diarrhea; infant diarrhea; (3) Enteropathogenic (EPEC) that cause infants diarrhea; 3) Enteroinvasive (EIEC) that cause dysentry; (4) Enteroaggregative (EAEC) that are associated with bloody and persistent diarrhea and (5) Enteropathogenic (EHEC)
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that cause hemorrhagic colitis and hemolytic uremic syndrome. There is also a group defined as diffuselyadhering E. coli (DAEC) that, till date, has not been fully associated with disease. These different clinical manifestations are related with the presence of virulence genes present in plasmids and in defined groups of genes, called pathogenicity islands, present in the chromosomes of these bacteria. The proteins coded by these genes allow the bacteria to interact with the cells in the intestinal mucosa and disrupt normal functions with the consequent expression of clinical symptoms. Antimicrobial resistance is considered one of the most serious threats to the treatment of infectious diseases and is one of the leading public health concerns of the 21st century [4] . Resistance to antibiotics has become a concern for a wide variety of bacterial species, both pathogenic and commensal. The dissemination of antimicrobial resistance in bacteria is largely due to the genetic exchange of resistance genes. Resistance genes are carried on chromosomes which enable vertical spread from mother to daughter. However, they can also be transferred horizontally between bacteria and bacterial species if the resistance genes are located on small segments of deoxyribonucleic acid (DNA) called plasmids, on segments of plasmids called transposons, and on integrons which are found within transposons and plasmids and in bacterial chromosomes [5] [6] [7] [8] . A resistance gene on the chromosome of one strain of bacteria has limited dissemination. However, resistance genes that evolve on plasmids or transposons can be transferred to other bacteria, including other strains of the same bacteria and other species of bacteria, making the dissemination much more efficient [6, 9] . Resistance genes can be spread to other bacteria by transformation, conjugation, or transduction. Conjugation involves the donation of a copy of the plasmid (which may contain genes for resistance to several antibiotics) to a recipient cell. The transfer of antimicrobial resistance from one bacterium to another and the subsequent vertical transfer to daughter bacteria is core to the persistence and dissemination of antimicrobial resistance, including multi-drug resistance [10] . Escherichia coli are often used in antimicrobial resistance studies because a) they are found in high numbers in warm-blooded mammals, including humans; b) they are a common human pathogen; c) resistance is found in both pathogenic and non-pathogenic strains; d) they have the ability to transfer resistance between different strains of E. coli; and e) they have the ability to transfer resistance between different strains and species of bacteria within the gastrointestinal tract [11, 12] . Also, E. coli reside primarily in mammalian hosts, thus being subjected to the pressures of antimicrobial use and other environmental pressures.
This makes them an ideal agent for surveillance and research into factors that may contribute to the selection and spread of resistant bacteria [13] [14] [15] [16] . Further, these bacteria are abundant in the environment making them a predominant vehicle for the transmission of resistance genes [17] [18] [19] [20] . Antimicrobial resistance has been detected in a variety of E. coli strains including numerous Shiga toxin-producing E. coli (including O157:H7), enteropathogenic, enterohaemorrhagic, enterotoxigenic, enteroaggregative, enteroinvasive, and others [21] . Several researchers have reported that strains of E. coli that are antimicrobial resistant are often, although not always, less virulent than susceptible strains [22] [23] [24] [25] [26] . This appears to be related to the particular strain of E. coli rather than some relationship between the resistance and virulence factors per se, as non-B2 strains are much more likely to exhibit multi-drug resistance than B2 strains. Although, Johnson et al. reported that the difference in antimicrobial resistance by virulence may be due to the tendency of non-B2 strains to acquire and/or retain resistance genes. They hypothesize that the difference in the prevalence of antimicrobial resistance by strain may be due to differential antibiotic selection pressure: B2 strains are less likely to be commensal flora than non-B2 strains, thus less likely to be colonizing the gastrointestinal system during antibiotic therapy as well as being less abundant in human gastrointestinal systems [24] .There are no differences between pathogenic and non-pathogenic bacteria in the basic cellular processes that affect antibacterial resistance [27] .
Materials and Methods
Most of the water and stool samples were collected for this study from Mirpur, and surrounding densely populated areas in Dhaka city. This is an economically impoverished city with unplanned housing and inadequate water and sanitation systems, where the International Centre for Diarrheal Disease Research, Bangladesh (ICDDR, B) established a surveillance/intervention project. A total of 12 water samples from 12 households were collected as part of an ongoing typhoid surveillance study in Mirpur area.
Phenotypic characterization

Cultural typing
All the strains were confirmed by culturing the strains on (i) TBX (Oxoid), (ii) MacConkey agar (Difco) and (iii) EMB (Eosin methylene blue) medium (Oxoid). After overnight incubation, a loop full of culture from the EE broth was streaked on to the TBX medium and incubated at 37°C. Strains were isolated by detecting the small, round, blue colonies on TBX medium after overnight incubation. Then the Isolates were subcultured on MacConkey agar medium and selected by medium and morphology (colony shape and pink colour colonies) after overnight incubation at 37°C. These pink colonies were further confirmed as E. coli by subculturing on EMB medium. The typical colonies appear with metallic green sheen after overnight incubation at 37°C.
Biochemical characterization
Isolates identified on the culture plates were confirmed by using some biochemical tests. The biochemical reactions of the strains were determined by standard methods described in manual for laboratory investigation of acute enteric infections. The following biochemical tests were performed: Kliger's iron agar (KIA) test, motility iodole urea (MIU) test, triple sugar iron (TSI) agar test, catalase and oxidase test. Isolates that were citrate, indole, catalase positive and urease, oxidase negative in these tests were stored at -70°C in tryptic soy broth and 30% (v/v) glycerol. E. coli (ATCC 25922) and Klebsiella strain (ATCC 33495) were used as positive and negative controls, respectively, during confirmation tests.
Antimicrobial agent susceptibility testing
We used standard Kirby-Bauer disk diffusion method to determine the antimicrobial agent sensitivity profiles of the E. coli isolates [28] for 5 antimicrobial agents. These antimicrobial agents were chosen on the basis of their importance in treating human or animal E. coli infections, their use as feed additives to promote growth in animals and on the basis of their ability to provide diversity for representation of different antimicrobial agent classes [29] .Commercially available discs (Oxoid Limited, Hampshire, England) were used for the test. The antibiotic used in this study (with their potency) were:
 Ampicillin (AMP, 10 µg), 
Gel electrophoresis
Amplification products were subjected to horizontal gel electrophoresis in 1% agarose gel in TBE (Tris-borate EDTA) buffer at room temperature at 100 volt (50 mA) for 1h. Briefly, 10 l of amplified DNA for each sample was mixed with 1 l of tracking dye and loaded into an individual well of the gel (5 mm thick). DNA bands were detected by staining the gel with ethidium bromide (0.5 g/ml) for 30 minutes at room temperature and photographs were taken according to the procedure. 1 kb and 100 bp DNA size standard marker (Invitrogen, USA) was used to measure the molecular size of the amplified products.
Plasmid profile analysis
Isolation of plasmid DNA: Plasmid DNA was prepared according to the simplified alkaline lysis method of Kado and Liu (1981).
Reagents:
i) Solution I: 40 mM tris-NaOAc, 2 mM EDTA, pH 7.4
ii) Solution II (lysing solution):3% SDS, 50 mM tris, pH 12.6.
iii) Solution III: phenol: chloroform: isoamylalcohol (25:24:1).
Separation of plasmid DNA by agarose gel electrophoresis
Reagents i) Agarose (Sigma Chemical Co., St. Louis, Mo).
ii) (Tris-borate EDTA) buffer (GIBCO-BRL).
iii) Tracking dye (10x concentration).
iv) Ethidium bromoide (10 mg/ml).
Analysis of self-transmissible plasmids with multiple antibiotic resistances by conjugation
Conjugation experiment between multi-drug resistant (AMP, SXT) donor, atypical E. coli strains (W51C1, W88mf2) and (AMP, CRO) donor, E. coli (W25C3) and standardized recipient E. coli MC 1061 (Streptomycin R , Erythromycin R Lac -, F -) was carried out according to the method that was described by Munshi et al., 1987 . In brief, single colony of the donor and the recipient was inoculated separately in 4 ml of Luria Broth (LB) and was incubated at 30 o C and allowed to grow up to the mid exponential phase (6h) in a water bath shaker. After incubation, 0.2 ml of donor culture was added to 1.8 ml of recipient culture and was mixed vigorously. The mixed culture was then centrifuged at 5,000 rpm in a centrifuge machine for 10 min and the pellet was spread over the nitrocellulose membrane filter placed on the surface of a TSA plate. The plate was then incubated in upright position at 30 0 C for overnight.
After incubation, the nitrocellulose membrane was lifted up very carefully by a sterile forcep and was washed in 0.3 ml of LB. The suspension was then serially diluted in normal saline for several folds according to the turbidity. 100 l suspension from each dilution was spread over the MacConkey plates containing streptomycin (10 g/ml) and ampicillin (50g/ml). All the putative trans-conjugants were screened in the selective plates by their lactose fermenting ability. 8 to 10 well isolated trans-conjugant colonies were picked up randomly for plasmid analysis by the method described in the section 2.6.2. The antimicrobial susceptibility was also done as described in section 2.5.3 to search whether any plasmids were transferred with antibiotic resistance [30] .
Results
From 36 samples (12 environmental water samples and 24 clinical samples) 150 isolates of E. coli were identified. In 24 stool samples 12 of them were from the diarrheal unhealthy patients (age group 0-2 years). Other 12 stool sample were collected from the healthy diarrheal patient (age group 0-2 years) whom are healthy used as control as shown in Table 1 .
Phenotypic characterization:
Cultural characterization:
All 150 isolates were examined for the cultural properties which show the typical properties of the E. coli. Colony size of some of the isolates varied with medium However, the main characteristics were similar to all the strains. The MacConkey and EMB media were used for the cultural characterization. Table 2 and figure: 1 depicts the typical cultural properties of E. coli strains.
Biochemical characterization
All the isolates from both water and stool samples examined exhibited biochemical characteristics typical of the E. coli. All the strains were tested for the lactose, sucrose and dextrose fermentation in Triple Sugar Iron agar (TSI) in which both butt and slant were shown yellow as the bacteria ferment the sugars (Figure 2 ). In Kingler's Iron Citrate (KIA) test all the strains showed citrate negative as no color changed of the medium was observed ( Figure 2 ). In Motility Indole Urease (MIU) test, all strain showed the motility pattern, urease negative by retaining the color of the medium and indole positive by turning the indole strip to reddish color ( Figure 2 ).
All the strains exhibited the bubbles in H 2 O 2 which was positive for catalase test and did not change the oxidase reagent blue signifying negative for oxidase test.
Antibiotic susceptibility test
A total of 36 E. coli strains were selected randomly for the antibiotic susceptibility test. The test grouped the strains into three distinctive groups: resistant, intermediate and susceptible as was evident by the zone diameter of the Muller-Hinton agar (MHA) plates (Figure 3 ). Among them 46 strains (70%) were resistant to commonly used antibiotics (resistance to AMP, CRO, CIP, NA, SXT). The overall rates of resistance for the 36 E. coli isolates analyzed are provided in Table 6 . Of the agents tested, the ceftriaxone demonstrated the lowest rate of resistance (n=6, 9%) and ampicillin demonstrated the highest (n=39, 60%). Figure 4) .
A 62 MDa plasmid was transferred in case of 64c2 for one trans-conjugant and also having the donors antibiotic resistance pattern. Again both 90 and 62 MDa plasmid was transferred in case of 64c2 for one trans-conjugant and also having the donors antibiotic resistance pattern. In case of 784c2 strain, 62 MDa plasmid was transferred and (having the donors antibiotic resistance pattern. (Figure 5 ). All the trans-conjugants acquire the middle ranged 62 MDa plasmid and also have the donors antibiotic resistance pattern. But among them one trans-conjugant acquired 90 MDa plasmid and one has the lower molecular weight plasmid less than equal to 4.0 MDa plasmid (Table: 7) . 
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Discussion and Conclusion
In the present study, E. coli bacteria were isolated from drinking water samples at various locations in the Dhaka city, representing diverse fecal pollution influences ranging from an urban municipal wastewater-affected site near Mirpur. Results showed that the distribution of path types and of antimicrobial resistance patterns in E. coli isolates are present in various sampling locations and that the E. coli path types most commonly encountered was EAEC and EPEC. Reports are also available that municipal water at the points of sources including overhead tanks or at the water treatment plants are in good quality and safe for drinking but then at the points of use such as the households may be contaminated. This might be due to poor piping system, leakage of pipes and the negative pressure when there is no water in the pipes and connection with sewerage system etc. research in the same area to explore and assign definite cause for antibiotic resistance as well as multi drug resistance. Plasmid profile analysis of the isolates show that most of the MDR isolates carry 62 and 90 MDa plasmid. So the current condition possesses serious threat to the people using this water and it can spread out in the whole country if necessary steps are not taken soon.
